INTRODUCTION
============

Intestinal capillariasis, caused by *Capillaria philippinensis*, was first recognized in an autopsy case occurred in Ilocos Norte, Luzon Island, the Philippines \[[@B1],[@B2]\]. Since the first case report in the Philippines, this nematode infections have been subsequently reported from other parts of Asia (Thailand, Japan, Iran, Taiwan, Egypt, Indonesia, United Arab Emirates, Korea, India, and Lao PDR) \[[@B3]-[@B12]\], and even from non-endemic areas (South America) \[[@B13]\]. In the Republic of Korea, total 5 cases have been reported so far. The first case, with severe emaciation and malnutrition due to long-lasting diarrhea, was found in 1991 by detecting worm sections from the biopsied intestine, and also by identifying the eggs in fecal samples \[[@B10]\]. After the first case report, 1 indeginous (Namwon-si, Jeollabuk-do) and 3 imported cases (from Bali in Indonesia and Saipan Island) were added \[[@B14]-[@B16]\]. In the present study, we describe clinical and parasitological findings of an intestinal capillariasis case with protein-losing enteropathy occurred in an inland area of Korea.

CASES DESCRIPTION
=================

A 37-year old man, residing in Sacheon-si, Gyeongsangnam-do, visited the Gyeongsang National University Hospital (GNUH) for his long-lasting diarrhea and general edema on July 2010. He had been treated at a private clinic before visiting GNUH, but symptoms aggravated gradually. At that time, the total serum protein and albumin levels were 5.0 and 2.4 g/dl, respectively, urine protein was negative, and thyroid function test was normal. In routine stool examinations, *Clonorchis sinensis* eggs were detected; therefore, we prescribed him praziquantel.

Ten months later, he admitted to our hospital because of persistent diarrhea, abdominal pain, general edema, and 15 kg weight loss for a year. The diarrhea was watery, but neither bloody nor mucoid. He said that he frequently ate raw fish, especially common blackish goby (*Acanthogobius flavimanus*) and has never been abroad. He was chronically ill-looking and emaciated at a glance. We observed tenderness around periumbilical area and general edema on physical examination. In the initial laboratory findings, the total serum protein and albumin levels were 3.7 and 1.3 mg/dl, respectively. Blood cell counts and other biochemical laboratory findings were within normal ranges. Stool examinations were negative for occult blood and parasites. Alpha1-antitrypsin clearance in 24 hr-stool increased to 150.5 ml/24 hr. The results of thyroid function test were 90.81 ng/dl of T3, 0.91 ng/dl of free T4, and 13.35 mIU/L of TSH, but all of autoantibodies such as anti-thyroglobulin, anti-TPO, TSH-receptor-Ab were negative. Synthyroid 0.05 mg was given to him for 2 weeks, but serum albumin was still low as 1.2 g/dl, and diarrhea and general edema were not improved. In the abdominal CT, there was proximal small bowel wall thickening and transient intussusception. Diffuse effacement of small bowel folds from the mid-jejunum to terminal ileum was seen at a small bowel double contrast study. There was diffuse mucosal edema and large amount of whitish exudates at the jejunum and terminal ileum. However, the lesion was not ulcerative and without mass in the whole small bowel mucosa by small bowel capsule endoscopy. Esophagogastroduodenoscopic and colonoscopic findings were non-specific except for mild mucosal edema at the terminal ileum. Blind random biopsy was performed at 10 cm and 30 cm proximal from the ileocecal valve.

The intestinal villi were atrophic and there was an intense infiltration of plasma cells in the lamina propria. Sectioned nematode worms were seen in the epithelial layer. Some cross-sectioned worms (n=9) were 25-30 (av. 27) µm and 33-38 (35) µm in diameter, and revealed the characteristic features of *C. philippinensis* (stichocytes and male and female genital organs) ([Fig. 1](#F1){ref-type="fig"}). We could make the diagnosis as intestinal capillariasis and prescribed albendazole 400 mg daily for 3 days. A month later, all symptoms disappeared and the total serum protein and albumin levels were normalized to 6.4 and 3.8 mg/dl, respectively.

Adults and eggs of *C. philippinensis* were recovered in the diarrheic stools collected before and after treatment. Male worms (n=10) were 1,770-2,150 (1,872 in average) µm long and 27.5-30.0 (28.0 in average) µm wide, and had a characteristically long esophagus (950-1,150 µm long) with a chain of stichocytes and a long spicule within a sheath ([Fig. 2A](#F2){ref-type="fig"}). Female worms (n=10) were 2,290-2,970 (2,556 in average) µm long and 30-38 (35 in average) µm wide, and had a long esophagus (1,150-1,450 µm long) with a chain of stichocytes and immature eggs (35-44×18-23 µm size) in the uterus. Their posterior ends were more blunt than anterior ends, and vulva openings were located posteriorly at 38-45 µm from the esophago-intestinal junction ([Fig. 2B](#F2){ref-type="fig"}). Mature eggs (n=5) detected in the diarrheic stools were 42.5-45.0 (av. 43.3) µm long and 20.0-21.3 (20.4) µm wide, and had characteristic mucoid plugs at both ends ([Fig. 2C](#F2){ref-type="fig"}).

DISCUSSION
==========

The present study is the 6th Korean case of intestinal capillariasis and the 3rd case indigenously occurred in Korea. The outbreak place of the present case, Sacheon-si, Gyeongsangnam-do, is not so far from Namwon-si, Jeollabuk-do, in which 2 indigenous cases previously occurred \[[@B10],[@B14]\]. These indigenous cases suggest that the life cycle of *C. philippinensis* is maintained in the southern regions of the Korean peninsula, such as Namwon-si and Sacheon-si. Accordingly, studies on epidemiologic characteristics of *C. philippinensis*, especially on the source of human infections, transmission modes, fish intermediate hosts, and natural reservoir (definitive) hosts, should be performed in the near future.

On the other hand, the remaining 3 cases were imported from Bali in Indonesia and Saipan Island \[[@B14]-[@B16]\]. Recently, in some Asian countries (India, Egypt, Lao PDR, Thailand, Taiwan, and the Philippines), intestinal capillariasis is regarded as the emerging and/or reemerging parasitic disease, and it\'s outbreaks have been frequently reported \[[@B12],[@B17]-[@B21]\]. Therefore, travelers going around these countries should pay attention to this nematode disease.

Protein-losing enteropathy is a complication frequently manifested in the intestinal capillariasis \[[@B16]-[@B18]\]. It is a result of direct mucosal invasion by the adult worms, which is sometimes exacerbated by the host inflammatory responses. Although the intestinal tract frequently has grossly normal appearance, histopathologic examinations of the biopsied intestines reveal villus atropy, crypt hyperplasia, and occasional infiltration of inflammatory cells \[[@B22]\]. In the present study, although mild mucosal edema was observed at the terminal ileum, ulcerative or mass lesion was not found in the whole small bowel mucosa. However, in the biopsied specimens, villus atrophy, an intense infiltration of plasma cells, and sectioned nematode worms were seen in the epithelial layer. Numerous worms embedded in the intestinal mucosa may be associated with ulcerative and degenerative changes, and the protein-losing enteropathy may be provoked as a result.

Regarding the diagnosis of intestinal capillariasis, characteristic clinical symptoms, including long-lasting diarrhea, abdominal pain, severe weight loss, and low serum albumin level, may be considerable factors in the first step. A definite diagnosis can be made by detection of worms and eggs in the diarrheic stools. However, histopathologic findings of biopsied intestines, including villus atrophy, crypt hyperplasia, intense infiltration of inflammatory cells, and worm sections, may be useful as the second-step diagnostic procedure. However, the exact sampling of intestines is not easy because endoscopic examinations are not applicable to the jejunum of humans, the normal habitat of *C. philippinensis*. In the present study, biopsy was performed at the terminal ileum through colonoscopy, and diagnostic clues were found in the biopsy specimens before the recovery of worms and eggs in the stool samples. Hong et al. \[[@B14]\] diagnosed their case I by detection of worms and eggs in the biopsy specimens of the terminal ileum, like in our case, whereas Kwon et al. \[[@B16]\] found worm sections in the biopsied jejunum. All Korean cases were definitely diagnosed by the detection of eggs and/or worms in the diarrheic stools of patients \[[@B10],[@B14]-[@B16]\].

The infection source of intestinal capillariasis is still obscure in Korea. Cases indigenously occurred in Namwon-si experienced consuming raw freshwater fish, i.e., several species of cyprinoid fish and rainbow trout \[[@B10],[@B14]\]. The present case recalled that he frequently ate raw goby (*Acanthogobius flavimanus*), which could be easily captured in the seashore near his residential place. However, he was mixed-infected with *C. sinensis*, which is an evidence of eating raw freshwater fish also. Accordingly, some fish species, including the common blackish goby, must be the source of human infections, and this should be clarified in the near future in Korea.

![(A) Histopathologic findings, including atrophic intestinal villi, intense infiltration of plasma cells in the lamina propria, and sectioned worms (arrow marks), are seen in biopsy specimens of the small intestines. (B-D) Magnified views of sectioned worms. (B) A longitudinal section of an esophageal level with stichocytes. (C) Cross-section of the testis (T) level. (D) Cross-section of the uterus (U) level with sectioned larvae. All scale bar in µm.](kjp-50-333-g001){#F1}

![Adult worms and an egg of *Capillaria philippinensis* collected from the diarrheic stools of the patient. (A) Male worm, 1,872×28.0 µm in average size, showing the characteristically long esophagus with a chain of stichocytes and a long spicule within a sheath (arrow mark). Scale bar=200 µm. (B) Female worm, 2,556×35 µm in average size, having a long esophagus with a chain of stichocytes and a vulva opening (arrow mark) located posteriorly at about 42 µm from the esophago-intestinal junction. Scale bar=100 µm. (C) A mature egg, 43.3×20.4 µm in size, having characteristic mucoid plugs at both ends. Scale bar=10 µm.](kjp-50-333-g002){#F2}
